Increasing attention has been directed toward using intracellular enzymes for industrial, analytical, and medical purposes. Uricase (urate oxidase) is a promising enzyme that may be applicable to analysis of serum or urinary uric acid, because of its high specificity toward this acid. Uricase has been purified from various sources, and its properties have been investigated extensively (25) . Several reports have been published concerning uricase production microorganisms such as Micrococcus (9) , Brevibacterium (9) , and Streptomyces (22, 24) .
Uricase is a typical microbody enzyme of animal tissues (1, 18) . We noted the profuse appearance of microbodies in yeasts growing on n-alkanes (12) and methanol (3) . These yeast cells were found to be good sources ofmicrobody enzymes such as catalase (19) and D-amino acid oxidase (7) . This paper deals with the induced formation of uricase in Candida tropicalis pK233 utilizing an n-alkane substrate. The enzyme was localized in the microbodies isolated from these yeast cells.
MATERIALS AND METHODS
Microorganism. The yeast primarily used in this study was C. tropicalis pK233, which was maintained on malt extract agar slants or on agar slants of a glucose medium (see below).
Cultivation. The yeast, precultured aerobically in glucose medium (see below) for 22 h, was inoculated into a 500-ml flask containing 100 ml of nalkane medium (see below) and cultivated for 16 h at 30°C on a rotary shaker (220 rpm). In some cases, the yeast was cultivated aerobically in 3% malt extract broth for 22 h without precultivation. Each medium contained: NH4H2PO4, 5.0 g; KH2PO4, 2.5 g; MgSO4-7H2O, 1.0 g; FeCl3 6H2O, 0.02 g; corn steep liquor, 1.0 g; and either glucose, 16.4 g, or an n-alkane mixture (C,O to C13), 10 ml/liter of tap water. When the n-alkane mixture was used as carbon source, 0.05% Tween 80 was added to the medium. The pH was adjusted to 5.2 before sterilization.
Uricase induction. Cells harvested from n-alkane medium or malt extract broth were washed with distilled water, transferred to a 500-ml flask containing 100 ml of induction medium (to give a concentration of about 0.9 mg of dry cells per ml), and incubated at 30°C on a rotary shaker (220 rpm). The induction medium contained: KH2PO4, 0.61% (wt/vol); K2HPO4, 0.093% (wt/vol); MgSO4 7H20, 0.25% (wt/vol); uric acid (30 mg/ml of 1 N KOH), 0.03% (wt/vol); and either glucose, 1.0% (wt/vol), or an n-alkane mixture, 1 Catalase, cytochrome oxidase, and protein were assayed as described previously (2) .
Fractionation of cellular particles. Microbodies and mitochondria were separated by sucrose density gradient ultracentrifugation as described previously (8) 
RESULTS
Uricase formation by yeasts in growth media. Figure 1 illustrates uricase formation by C. tropicalis during growth on an n-alkane mixture (C10 to C13) and on glucose. Uricase activity was less than 2 U/g of dry cells, and did not increase during an additional 30 h of cultivation. Other hydrocarbon-utilizing yeasts, C. lipolytica NRRL Y-6795, C. albicans IFO 0583, and C. intermedia NRRL Y-6328-1, showed similar uricase productions. When C. tropicalis was cultivated for 4 h in n-alkane medium supplemented with 0.03% uric acid, uricase activity increased up to 8 U/g of dry cells.
Uricase formation by C. tropicalis in induction media. When C. tropicalis cells grown on an n-alkane mixture were transferred into induction medium consisting of phosphate buffer, MgSO4, and the n-alkane mixture, uricase activity increased to about 12 U/g of dry cells after 6 h of incubation. Glucose was not as effective as the n-alkane mixture for enzyme formation. Uric acid (0.03%) addition to the induction medium markedly enhanced enzyme formation (Fig. 2) tivity attained was 47 U/g of dry cells on the nalkane mixture and 21 U/g of dry cells on glucose at 4 h of incubation. Thus, the former medium was a better substrate than the latter for uricase formation by C. tropicalis. The induced formation of uricase was completely inhibited by cycloheximide (1 ,ug/ml) but not by chloramphenicol (1 mg/ml).
Effects of medium components and incubation conditions on uricase formation by C. tropicalis. C. tropicalis was incubated in the induction medium containing various carbon sources. Uricase formation at 4 h of incubation was the greatest with the n-alkane mixture (39 U/g of dry cells) and acetate (28 U/g of dry cells). Glucose (19 U/g of dry cells) and ethanol (12 U/g of dry cells) were not very effective carbon sources, although they induced enzyme formation to some extent. From these results, the n-alkane mixture was selected as the carbon source for subsequent experiments. The influence of the initial pH of the medium on uricase formation was studied within the range of 5.9 to 7.7. Approximately equivalent levels of enzyme activity were obtained, indicating that pH has little effect on enzyme production since the pH of the medium did not change during incubation. MgSO4 was found to be necessary for enzyme formation ( Table 1 also did not enhance uricase production. To examine the effect of aeration on uricase formation, the volume of medium in the 500-ml flask was varied from 50 to 200 ml (KLa = 149 to 36 h-1). High levels of enzyme activity were obtained with 100 ml (37 U/g of dry cells) and 150 ml (33 U/g of dry cells) when the cells were harvested at 4 h of incubation. On the other hand, the values for 50 and 200 ml of medium were only 22 and 20 U/g of dry cells, respectively. From these results, the optimum conditions were as follows: 0.61% (wt/vol) KH2PO4, 0.093% (wt/vol) K2HPO4, 0.25% (wt/'vol) MgSO4* 7H20, 0.03% (wt/vol) uric acid, and 1.0% (vol/vol) n-alkane mixture (C,0 to C13) (final pH 6.2); 100 ml in a 500-ml flask. In addition to uric acid, xanthine, guanine, adenine, and hypoxanthine were also effective for uricase induction in C. tropicalis (Fig. 3) . Addition of xanthine (1.5 mM) gave a maximum yield of uricase (91 U/g of dry cells) at 6 h of incubation. Enzyme production with uric acid was 73 U/g of dry cells (Fig. 3) .
Subcellular localization of uricase in C. tropicalis. After removal of cell debris from the protoplast homogenate, the P2 (20,000 x g pellets) and S2 fractions (20,000 x g supernatant) were obtained from the S, fraction (3, 000 x g supernatant). The data (Table 2) indicate that the majority of uricase and catalase activities and all of the cytochrome oxidase activity were present in the P2 fraction. This fraction was further subjected to sucrose density gra- a The medium was composed of potassium phosphate buffer, uric acid, and an n-alkane mixture. dient ultracentrifugation to examine the particulate localization of uricase. The data (Fig. 4) indicate that uricase was localized in fraction 5, containing catalase (the marker enzyme of microbodies), but not in fraction 2 (mitochondrial fraction specified by the localization of cytochrome oxidase). DISCUSSION C. tropicalis growing on an n-alkane mixture (CIO to C13) or on glucose contained very low levels of uricase (less than 2 U/g of dry cells). Addition of uric acid to the growth medium enhanced enzyme formation four-to fivefold. A similar effect of uric acid was reported in bacteria (4, 9), molds (5, 16) , and a yeast (15) . On the other hand, Itaya et al. (6) demonstrated that uricase production increased when resting cells of C. utilis were incubated in an induction medium consisting of glucose, Na2HPO4, KCl, MgSO4, and uric acid. Similar results were also reported with Streptomyces sp. (22) . In the case of C. tropicalis, too, incubation of resting cells in an induction medium containing uric acid was markedly effective for uricase forma- tion. Enzyme activity increased up to 47 U/g of dry cells. An n-alkane mixture served as the best carbon source among the compounds tested. In addition to uric acid, xanthine and guanine were also effective inducers, but adenine and hypoxanthine were less effective. With xanthine as the inducer, a maximum enzyme activity of 91 U/g of dry cells was obtained. This value was higher than the best result reported for Streptomyces sp. incubated with hypoxanthine (ca. 50 U/g of dry cells) (23) . The induced formation of uricase in C. tropicalis was inhibited by cycloheximide but not by chloramphenicol, as was the case for another microbody enzyme, catalase (20) . These results suggest that uricase of C. tropicalis is synthesized de novo during the incubation period.
Uricase is known to associate with microbodies of animal tissues (1, 17) , plant tissues (21), a protozoan (10) , an alga (18) , and microorganisms (13, 14) . Although the occurrence of uricase in yeast microbodies has been demonstrated (11, 13), we could not 'ascertain the localization of the enzyme in uninduced n-alkane-grown C. tropicalis due to the low enzyme content. After induction of uricase formation, however, uricase was found to be one of the microbody enzymes in this yeast.
